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GrantNumberNCC2-956beganasacollaborationbetweenFloridaA&M

University (FAMU) andNASA AmesResearchCenter(ARC) with thesolepurposeof

conductingresearchonproblemsof currentinterestto ARC. Thiscooperativeprogramis

intendedto filling thenationalneedfor increasedparticipationof African American

studentsin scientificandengineeringresearchof aeronauticalinformationscience

technologies.

Theresearchtasksidentifiedunderthisprogramare:

1. Flowphysics/modelingof aeroacousticphenomena

2. Novel instrumentation/measurementtechniquesfor largescalewind tunnel

applications

3. Informationsystemsresearchfor state-of-the-artadvancesin aeronautical

technologies.

Task 1.Flight effectson thefar-fieldnoiseof asupersonicjet.

Theinfluenceof forwardflight on thefar-field noiseof anunderexpandedheated

jet hasbeenstudiedexperimentallyusinga 12.5cm diameterconvergentnozzleoperated

in theNASA Ames12.2mx 24.4m (40'x80') wind tunnel.Thenozzlewasoperatedat

nozzlepressureratiosup to 4.5andstagnationtemperatureratiosfrom 2.45to 3.45.The

resultingvelocity (basedon fully expandedcondition)rangeis from 586m/secto 858

rn/sec.ThefreestreamMachnumberwasvariedfrom 0 to 0.32.Far-fieldnarrowband

spectrawereobtainedatangles(measuredfrom theinlet axis)coveringarangefrom 30°

to 155°. A smallamplificationof theOASPL(2dB)dueto forwardflight is observedin

theforwardquadrant.Themixing noisereductionin theaft quadrantdueto forwardflight

is muchsmallerthanthatobservedin correspondingcoldjets.

Thedetaileddiscussionof theresultsaregivenin apaperto bepublishedin AIAA

Journal:A. Krothapalli,P.T.Soderman,C.S.Allen, J.A. HayesandS.M.Jaeger.,"Flight

Effectson theFar-FieldNoiseof a HeatedSupersonicJet,AIAA Journal, 35, June1997.

Task 2. Off-Axis Particle Image Velocimetry for Large Scale Wind Tunnel Applications

Velocity field measurements in large scale wind tunnels, such as 40'x80' wind

tunnel at Ames Research Center, require special arrangement of image acquisition



apparatussuchasthecameraandassociatedoptics.Fromourexperienceof conducting

experimentsin the7'x10' wind tunnel,it is suggestedthatthe imageacquisition

apparatusbeplacedoutsidethetunneltestsection.In orderto accomplishthis, anOff-

axisPIV hasbeendevelopedasdescribedbelow.

Usually in PIV measurementsthe measurementplaneandthe optical axis of the

imagereceivingsystemareperpendicularto eachother,becauseit is simplerto focusand

to processtheimagefor thisconfiguration.But for manycasesthis configurationmaynot

beappliedbecauseof variousreasons,suchastheimagereceivingsystemcandisturbthe

flow field itself, it maybehazardousor difficult to alignandadjustthesysteminsidethe

testsection.This is usually thecasewhenthesecondaryflow field is beinginvestigated

asin jet flows, vortexflows andmostof the3-D flows.

For suchcasesoff-axis PIV canbe usedto overcomethesedisadvantages.In the

off-axis configurationtheoptical axisof the imagereceivingsystemdoesnot haveto be

perpendicularto the measurementplane, so that one can put the systemto a more

appropriateposition in thetest sectionor evenout of the test section,andcan getmore

illumination makinguseof thedirectionallight scattercharacteristicof theparticles.

The off-axis (non-perpendicular)configurationcausessomedifficulties in the

alignment and focusing, and the processingphasesbecausethere is a non-uniform

magnificationin thefield.

The focusing problem can be overcome by the Scheimpflug condition as
describedin thefigure 1.1,

Measurement plane
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Figure 1.1 : Scheimpflug condition for focusing to whole field at an off-axis angle.



If all the object (measurement) plane, lens plane and the image plane intersect at a

point as shown in the figure 1.1, then the Scheimpflug condition is met and the focus to

the whole field is obtained. If this condition is applied, the clear image is captured, but

since there is a perspective difference in the field now, the magnification is not uniform

any more.

An other important side of the off-axis configuration is the importance of the out

of plane component of the velocity field. If there is an out of plane velocity component,

then it is directly captured by the receiving system and it has to be corrected by a second

system at a different angle. But this becomes an advantage, because by using these two

receiving systems it is possible to identify whole 3-D velocity vector field in the

measurement plane. That is called stereoscopic PIV.
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Preliminary results has been obtained for the off-axis PIV on a simple artificial

rotation test case. The lens was mounted on an especially designed 5-DOF mechanism for

easy alignment and focusing purposes. As a measurement plane a plate was used, where

the plate was rotated by a fixed amount. Then the processing was completed including the

non-uniform magnification calculations and correction. The rotation of the plate was fully

measured, as shown in the figure 1.2, from an angle of about 40 °.

After being confident with the system, it was applied to a real flow case at a cross-

section in rectangular pipe jet. The off-axis angle was about the same. The alignment and

focusing were successfully obtained. Since the out off plane velocity component was the

primary flow direction, the measured vector field was totally biased with that component

as can be seen in the figure 1.3. But this test was made just to validate the ability to focus

and to have data in a real flow field. After all, to put a second camera and to make the

stereo PIV is just an extension of calculation.
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Figure 1.3 : Measured displacement field of a cross-section in a jet flow with an off-axis angle of
about 40 ° .



Task 3: STOVL jet flow field investigations.

The focus of this experimental investigation is to provide fundamental

understanding of the role of nozzle pressure ratio and geometry of the nozzle on the

entrainment characteristics of an impinging supersonic jet that is exiting from a circular

plate. The jet exits from a convergent nozzle/convergent-divergent (C-D) nozzle. The

nozzle exit diameter for the convergent nozzle is about 2.54 cm while the throat of the C-

D nozzle is about 2.54 cm with a design Mach number of 1.64. Three circular discs were

made with pressure taps to obtain the lift loss on the plate due to the jet.

Measurements include schilieren flow visualization, near field acoustics and

Particle Image Velocimetry (PIV) measurements. The experimental set up is being

calibrated and some preliminary results are included in Figure 2.1 and 2.2. Both these

figures show shadowgraph and corresponding near field noise spectra of an axisymmetric

converging jet at three different conditions (free jet, free jet with lift plate and jet with lift

plate impinging on a ground plane located at 5 diameters downstream of the jet exit).

Screech tones that are commonly observed in free jets are observed in the frequency

spectra of the free jet. For the case of an impinging jet, in addition to screech tones,

impinging tones are observed at the lower nozzle pressure ratios (figure 2.1). However,

when the NPR was increased to 4, the tones associated with impingement disappear. The

presence of ground plane always increases the overall sound pressure levels. The

associated effects on suck down force are being measured currently.
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Figure 2.1 : Shadowgraph and Noise Spectra for NPR = 3
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Figure 2.2 : Shadowgraph and Noise Spectra for NPR = 4


